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Abstract

Although an exaggerated startle response is a symptom of posttraumatic stress disorder (PTSD), empirical support
for elevated baseline startle in PTSD has been weak. The present study investigated the eyeblink component of the
acoustic startle reflex and prepulse inhibition (PPI) in 21 unmedicated Vietnam veterans with PTSD and in 17
civilian and 10 combat veteran comparison subjects. Patients with PTSD exhibited normal acoustic startle amplitude,
but showed a significant reduction in PPI relative to the civilian subjects. There was only a trend toward a reduction
in PPI in the PTSD group compared with the combat control group. The study does not support the hypothesis of
exaggerated baseline startle in Vietnam veterans with PTSD but suggests abnormal startle modulation by a prepulse
(i.e., PPI). Discrepancies between studies concerning the amplitude of startle in PTSD are discussed.
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1. Introduction

Posttraumatic stress disorder (PTSD) presents
a wide array of symptoms such as hyperarousal,
dissociation, avoidance, and reexperiencing of the
traumatic event (DSM-IV; American Psychiatric
Association, 1994). One important symptom of
PTSD is an exaggerated startle reflex. In fact,
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according to DSM-IV, PTSD is now the only
anxiety disorder in which hyperstartle is listed as
a core symptom. Because a great deal is known
about the neurobiological substrates of stress-in-
duced alterations in the startle reflex in animals
(Davis, 1992), an analysis of the causes of exag-
gerated startle in PTSD could provide an impor-
tant avenue of research to increase our under-
standing of central nervous system dysregulation
in this disorder.

There are a number of ways in which PTSD
might be associated with exaggerated startle. In
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healthy subjects, startle shows very large variabil-
ity across individuals but considerable consistency
within subjects across time. It is conceivable,
therefore, that patients who eventually develop
PTSD might be those that had generally high
levels of startle before trauma. In this case,
heightened startle would be associated with PTSD
instead of being caused by prior trauma and,
because it was actually a reflection of a relatively
stable trait variable, should be measurable at any
point during the disease. To our knowledge, mea-
surement of startle in people before and after
trauma sufficient to produce PTSD has not been
carried out to evaluate this possibility.

A second possibility is that exaggerated startle
in PTSD results from a persistent sensitization of
the startle reflex caused by severe and prolonged
trauma-induced stress. Although this is a very
real possibility, there are very few preclinical data
that would support long-term sensitization of the
startle reflex. In fact, as reviewed elsewhere
(Davis, 1989), the relationship between stress and
startle has not been consistent. In rats, prior
stress either has little effect on startle or
sometimes decreases subsequent startle. On the
other hand, a brief period of electric footshock
can cause a pronounced increase in startle ampli-
tude in rats (Davis, 1989; Krase et al., 1994) and
in humans (Hamm et al., 1993; Hamm and Stark,
1993), although this effect only seems to last for
an hour or so. Stronger, more prolonged foot-
shock can increase startle for longer periods of
time, but again the time course is still relatively
short, lasting for 4 but not 10 days (Servatius et
al., 1994). Thus far, therefore, persistent sensitiza-
tion of startle has been difficult to demonstrate,
although this phenomenon could theoretically ex-
plain exaggerated startle in PTSD. Persistent sen-
sitization, if present, would also predict that ele-
vated startle should be generally measurable in
PTSD versus control subjects.

A third possibility would be that exaggerated
startle in PTSD reflected an acute state of condi-
tioned fear or anxiety rather than a persistent
trait variable associated with a proclivity to the
disease or long-term sensitization caused by prior
trauma. It is well known that startle can be ele-
vated when presented in association with emotio-

nally significant stimuli (Lang et al., 1990). It is
possible, therefore, that a startle-eliciting stimu-
lus (e.g., a slamming door or a ringing phone)
occurring during remembrance of prior trauma
(e.g., in discussion with a clinician) might be ele-
vated during such a state, leading to the dominant
clinical impression of heightened startle in PTSD.
In this case, however, exaggerated startle in PTSD
might only be observed under stressful test condi-
tions.

In fact, studies that have measured acoustic
startle responses in individuals with PTSD have
produced conflicting results. Normal (Cuthbert et
al.,, 1994; Orr et al., 1996), reduced (Ornitz and
Pynoos, 1989), and increased baseline startle (Orr
et al,, 1995) responses have been reported. Two
additional studies produced mixed findings. PTSD
was associated with a nonsignificant (P < 0.11)
elevation of startle in a study conducted by Shalev
et al. (1992). Butler et al. (1990) also found exag-
gerated startle in PTSD subjects, but 35% of their
subjects were eliminated from the analysis be-
cause they were considered to be startle ‘nonre-
sponders’. It is unlikely that methodological dif-
ferences are the main source of the discrepancies
because three studies used the same paradigm
and found three different results (Shalev et al.,
1992; Orr et al., 1995, 1996). More likely is the
possibility that differences in startle reactivity
across studies reflect interactions between specific
types of symptomatologies in conjunction with the
amount of stress experienced during testing. For
example, the withdrawal and emotional numbing
characteristics of PTSD could be a behavioral
strategy to counteract the excessive arousal of
this disorder. As suggested by Ornitz and Pynoos
(1989), the diminished startle response reported
in some individuals with PTSD could be related
to the cognitive and behavioral shutting-down
characteristics of some subjects with PTSD. On
the other hand, the degree to which the experi-
mental test conditions are perceived as stressful
or reminiscent of prior trauma may lead to a state
of heightened startle during testing.

We have examined startle in Vietnam veterans
with PTSD in two studies (Morgan et al., 1995a,
1995b). In one study, startle was investigated dur-
ing periods of shock anticipation (threat condi-
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tion) and during periods when no shocks were
anticipated (safe condition) (Morgan et al., 1995a).
In the other investigation, subjects were adminis-
tered placebo and yohimbine on alternative days
(Morgan et al., 1995b). In both studies, startle was
elevated in the PTSD patients throughout the
experiments. Because startle was elevated in the
safe condition of the shock experiment and in the
placebo condition of the pharmacological chal-
lenges, it could be argued that baseline startle is
exaggerated in individuals with PTSD. It could
also be argued that the stress of the experimental
context was responsible for the elevated startle
response in the PTSD patients. Any interpreta-
tion of startle data in experiments that use stress-
ful procedures is critically dependent upon the
status of baseline startle in patients with PTSD.
One of the aims of the present study was to assess
baseline startle in the absence of any obvious
experimental stress in Vietnam veterans with
PTSD.

The second aim of this investigation was to
explore prepulse inhibition in individuals with
PTSD. Prepulse inhibition (PPI) refers to the
ability of a weak prepulse to reduce the startle
response to a subsequent startle-eliciting stimu-
lus. Animal studies indicate that PPI can be af-
fected by stress. For example, PPI is reduced in
the rat following immersion in cold water (Leitner,
1986). In humans, PPI deficits have been associ-
ated with perceptual abnormalities and deficien-
cies in gating irrelevant thoughts (Braff and
Geyer, 1990). Patients with PTSD are also charac-
terized by perceptual deficits and by an inability
to gate intrusive thoughts. Both normal PPI (Bu-
tler et al, 1990) and reduced PPI (Ornitz and
Pynoos, 1989) have been reported in PTSD.

Table 1

2. Method
2.1. Subjects

Subjects were 21 unmedicated Vietnam combat
veterans with PTSD who were hospitalized on a
specialized PTSD ward. The veterans participated
in the experiment within a week of their hospital-
ization. The comparison subjects consisted of 11
Vietnam combat veterans without PTSD (combat
controls) and 17 civilians. The patients and the
control subjects did not differ significantly in age
(Table 1). Combat and civilian control subjects
were recruited and screened for medical and psy-
chiatric illnesses by the Neurobiology Study Unit
of the National Center for PTSD. All subjects
gave written and informed consent to participate
in the study. None of the subjects had previously
participated in a startle experiment.

All patients met criteria for PTSD according to
the Structured Clinical Interview for DSM-III-R
(SCID; Spitzer et al., 1990). Patients with major
medical illness, organic brain syndrome,
schizophrenia, current bipolar disorder, major de-
pressive disorder, or current substance abuse were
excluded from the study. Patients with obsessive-
compulsive disorder were also excluded because
loss of prepulse inhibition has been documented
in such patients (Swerdlow et al., 1993). None of
the patients met criteria for generalized anxiety
disorder; however, four patients met criteria for
panic disorder, and 10 patients had a history of
alcohol dependence. The control subjects had no
major medical problems or psychiatric disorders
as defined by SCID (nonpatient) criteria. Combat
status of the PTSD and control veterans was
screened on the basis of military discharge forms.

Age and scores on the State-Trait Anxicty Inventory, the Mississippi Scale for Combat-Related Posttraumatic Stress Disorder

(PTSD), and the Combat Exposure Scale (CES)

Age State anxiety Trait anxiety Mississippi Scale CES

Mean SD Mean SD Mean SD Mcan SD Mcan SD
PTSD 418 1.7 55.7 12.3 62.4 8.1 127.7 20.6 28.7 7.7
Combat controls 43.2 6.4 322 8.0 358 12.2 70.7 11.6 20.6 11.6

Civilian controls 38.9 6.8 29.9 6.9

320 5.4




172 C. Grillon et al. / Psychiatry Research 64 (1996) 169-178

Toxicological screening confirmed that all sub-
jects were free of psychotropic drugs or illicit
substances for at least 3 months. Audiologic
screening with a Welsh Allen Audioscope indi-
cated that all subjects could hear 40 dB (HL)
pure tones in the 1000- to 4000-Hz span.

Subjects were given the state and trait portions
of the State-Trait Anxiety Inventory (Spielberger,
1983) (Table 2). Veterans with PTSD had signifi-
cantly higher state and trait anxiety scores, com-
pared with scores in each of the comparison
groups. One-way analyses of variance with group
(PTSD, civilian controls, combat controls) as the
factor revealed a main effect of group for state
(F=321, df=2,42, P <0.0009) and trait (F =
53.7, df =2,42, P < 0.0009) anxiety scores that
was due to the fact that state and trait anxiety
were higher in the PTSD group, compared with
the civilian (state anxiety: ¢t =7.1, df =33, P <
0.0009; trait anxiety: ¢t = 12.1, df = 33, P < 0.0009)
and combat (state anxiety: t=5.2, df =27, P<
0.0009; trait anxiety: t = 6.4, df =27, P < 0.0009)
control groups, whose scores did not significantly
differ from each other. Each veteran subject
(PTSD and combat control) was also given the
Mississippi Scale for Combat-Related PTSD to
assess the intensity of the PTSD symptoms (Keane
et al, 1988) and the Combat Exposure Scale
(CES) to evaluate the level of combat exposure
(Lund et al., 1984) (Table 1). The scores on the
Mississippi Scale and on the CES were signifi-
cantly greater in the veterans with PTSD, than in
the combat controls (¢ = 6.9, df =27, P < 0.0009
and ¢ = 2.2, df = 27, P <0.03, respectively).

2.2. Stimuli and apparatus

The recording took place in a sound-proofed
chamber. The startle reflex was recorded with a
commercial startle system (SR-Lab, San Diego
Inst.). The acoustic startle consisted of 40-ms
duration bursts of white noises with a 0-ms rise
time at intensities of 98 and 103 dB(A). These
stimuli were delivered alone (pulse-alone) or pre-
ceded by a 30-ms 70 dB(A) (0-ms rise time) white
noise prepulse (prepulse + pulse). The prepulse
was presented 120 ms before the startle stimulus
(onset to onset). Thus, four different types of

trials were used: (1) 98 dB(A), (2) 103 dB(A), (3)
70 dB(A) prepulse followed by 98 dB pulse, and
(4) 70 dB(A) prepulse followed by 103 dB(A)
pulse. The stimulus sequence consisted of an ini-
tial presentation of a 98-dB(A) and a 103-dB(A)
pulse-alone stimulus in that order. These two
stimuli were followed by two blocks of stimuli
with each block containing the four types of trials
presented twice each in a random order. Thus, a
total of 18 (2 + 8 + 8) trials were delivered. The
intertrial interval varied between 18 and 22 s. The
stimuli were delivered binaurally through head-
phones (Qualitone). No background noise was
presented.

The eyeblink component of the startle reflex
was measured by recording activity from the or-
bicularis oculi muscle below the left eye with two
disk electrodes (Ag-AgCl. The ground electrode
was placed on the left arm. Impedance was kept
below 5 k(). The electromyographic (EMG) activ-
ity was filtered (1-500 Hz), digitized at 1 kHz for
250 ms from the onset of the acoustic stimuli, and
stored for off-line analysis. A 60-Hz notch filter
was also used to eliminate 60-Hz interference.

2.3. Data reduction and analysis

The method of analysis of the blink reflex has
been presented in detail elsewhere (Morgan et
al., 1995a). Briefly, the eyeblink data were ana-
lyzed after smoothing with a moving average of
the digital EMG signal. Peak amplitude of the
blink reflex was determined in the 21-100 ms
following stimulus onset. Peak amplitude was de-
termined relative to baseline level activity in the
20-ms poststartle stimulation. To be considered as
a potential startle reflex, a response needed to be
no less than 25 wV. Trials that indicated in-
creased EMG activity during the first 20 ms or
failure to reach peak within 95 ms of onset la-
tency were rejected. The number of rejected trials
was < 2% in each group.

Initial startle reactivity was defined as the eye-
blink responses to the initial two startle stimuli.
Startle responsiveness was defined as the eyeblink
responses to the pulse-alone stimuli that followed
the two initial stimuli. Except for the two initial
startle responses, the magnitude of the startle
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response for each trial type (two pulse-alone and
two prepulse + pulse trials) was first averaged
within each block. The magnitude scores were
then log-transformed (adding 1 to the raw scores)
to reduce the effect of skewness of their distribu-
tion. Because there were no significant differ-
ences in startle magnitude across the three groups,
prepulse inhibition was calculated as a difference
between eyeblink magnitude on pulse-alone trials
minus eyeblink magnitude on prepulse-pulse tri-
als. Given that the difference between the log-
transformed scores is equivalent to the logarithm
of the ratio of the two responses, this analysis
evaluated PPI by proportional changes in startle
magnitude (Ornitz et al., 1986, 1990).

Startle reactivity was analyzed with a mixed
two-way analysis of variance (ANOVA) with group
(PTSD, combat controls, civilian controls) as the
between-subjects factor and stimulus intensity (98
dB, 103 dB) as the within-subjects factor. Startle
responsiveness was analyzed with a mixed three-
way ANOVA with group (3) as the between-sub-
jects factor and with block (2) and stimulus inten-
sity (2) as the within-subjects factors. The PPI
scores were entered into a similar three-way
ANOVA (group X block X stimulus intensity).

Pearson correlations were performed between
the Mississippi Scale and the CES scores, and the
startle magnitude and PPI measures. In addition,

Table 2
Magnitude of startle response (log wV)

to assess whether startle responsivity and PPI
were related to specific symptoms, subsets of
questions from the Mississippi Scale were se-
lected to calculate scores for intrusive memories
(questions 4, 7, 11, 13, 14, 18, and 30), emotional
numbing (questions 6, 9, 16, 17, 22, 26, and 35),
arousal (questions 3, 5, 20, 24, 25, 27, and 31), and
avoidance (questions 1, 22, and 33). Correlations
between these symptoms and startle magnitude
and PPI were also performed.

For all the statistical analyses, two-tailed tests
were used. The a level was set at 0.05.

3. Results
3.1. Startle magnitude

Two patients with PTSD, one combat control,
and one civilian control were considered nonre-
sponders based on our criterion of two successive
no-measurable eyeblinks in the first two blocks.
These subjects were excluded from the analysis.

Table 2 presents the results of the startle re-
sponse to the pulse-alone stimuli. Neither initial
startle reactivity (response to the first two startle
stimuli) (F = 0.40, df = 2,42, P > 0.1) nor startle
responsiveness (startle response in the following
blocks) differed among the groups (F = 0.13, df =
2,42, P > 0.1). Startle habituated across blocks

PTSD Combat controls Civilian controls
(n=19) (n=10) (n=16)
Mean SD Mean SD Mean SD
Startle reactivity
98 dB(A) 4.56 0.98 4.95 0.49 4.56 0.84
103 dB(A) 4.86 0.94 5.13 0.68 5.06 1.00
Startle responsivity
Block 1
98 dB(A) 4.04 1.03 4.37 0.74 427 0.88
103 dB(A) 4.44 0.94 4.61 0.83 4.46 0.88
Block 2
98 dB(A) 3.57 0.93 3.74 0.93 3.62 0.96
103 dB(A) 3.95 1.07 4.17 0.77 3.74 1.12

Note. PTSD, posttraumatic stress disorder.
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(F =556, df=1,42, p <0.0009) and was larger
for the 103-dB(A) than for the 98-dB(A) startle
stimuli (F =27.0, df=1,42, P <0.0009). How-
ever, these effects did not significantly differ
among the three groups (no significant interac-
tions with group).

We attempted to assess whether there was a
subgroup of PTSD veterans with abnormal startle
responses by comparing individual startle mea-
sures to the results obtained in the controls. No
PTSD patients exhibited startle responses that
differed by > 1 SD from the mean of the control
subjects. Hence, the present study did not identify
a subgroup of patients with either exaggerated or
abnormally low startle responses.

3.2. Prepulse inhibition

Fig. 1 shows that PPI was smaller in the veter-
ans with PTSD compared with the control sub-
jects. The statistical analysis revealed a significant
main effect of group (F=3.7, df = 241, P<
0.03) which reflected the fact that PPI was sig-
nificantly reduced in the veterans with PTSD
compared with the civilian controls (F = 7.3, df =
1,33, P <0.01). Although PPI was smaller in the
veterans with PTSD compared with the combat
controls, the difference did not reach significance
(F=24, df=127, P = 0.13). PPI did not sig-
nificantly differ between the two control groups
(P > 0.5).

3.3. Correlational analysis

Table 3 presents the results of the correlational

Table 3

Correlational analysis in veterans with posttraumatic stress disorder

4 {1 Civilian controls
B Combat Controls

(9'%]
T

PPI scores
[\®]

103 dB

96 dB

Fig. 1. Prepulse inhibition (PPI) in the Vietnam veterans with
posttraumatic stress disorder (PTSD), and in the combat vet-
eran and civilian control subjects. Greater PPl scores are
associated with greater reduction of the amplitude of startle
by the prepulse. A score of 0 means that the prepulse has no
effect on the amplitude of startle.

analysis in the veterans with PTSD. The magni-
tude of startle did not correlate with the total
score on the Mississippi Scale, but it did correlate
negatively with the emotional numbness score.
Hence, increased emotional numbness was associ-
ated with smaller startle responses. There were
also significant negative correlations between PPI
and Mississippi Scale scores. Increased Missis-
sippi Scale scores were associated with smaller

Startle magnitude Prepulse inhibition

r(P) r(P)
Muississippi Scale for Combat-Related PTSD (total score) NS -0.61*"
Emotional numbness —0.60% NS
Intrusive memories NS ~0.59%"
Arousal NS -0.66™"
Avoidance NS NS
Combat Exposure Scale NS NS
State anxiety NS NS
Trait anxiety NS NS

"For P <0.01; *Negative correlation means less prepulse inhibition with increased score.
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PPI. PPI was also negatively correlated with the
intrusive memories and arousal subscales.

4. Discussion

The present study did not provide evidence of
exaggerated startle responses in Vietnam veter-
ans with PTSD considered either as a group or on
an individual basis. This result is consistent with
data reported by Orr et al. (1996), Cuthbert et al.
(1994), and Ornitz and Pynoos (1989). The lack of
documentation of exaggerated startle in PTSD in
the present study is in contrast to clinical impres-
sions and to empirical findings reported by Butler
et al. (1990) and Orr et al. (1995). It may be that
exaggerated startle is restricted to some circum-
stances or/and to some individuals.

It is possible that in a subgroup of veterans
repeated exposure to trauma or a single intense
trauma sensitizes startle. Startle sensitization,
however, would be expected to dissipate with the
passage of time. According to this model, in-
creased baseline startle would be more likely to
be found after a recent than after a distant
trauma. In support of this hypothesis is the find-
ing that verbal complaints of exaggerated startle
were one of the first symptoms to appear in
veterans from the recent Persian Gulf War
(Southwick et al., 1993). In addition, Morgan et
al. (1996) have documented exaggerated acoustic
startle reflex in veterans with PTSD from the
Persian Gulf War.

The finding of normal startle response in Viet-
nam veterans with PTSD in the present study,
together with results from two separate studies
with PTSD veterans from the same cohort indi-
cating increased startle in stressful situations (i.e.,
threat of aversive shock [Morgan et al., 1995a]
and yohimbine injection [Morgan et al., 1995b)),
suggests that the fear-potentiated startle reflex
effect is a relevant model for the symptom of
exaggerated startle in Vietnam veterans with
PTSD. We have suggested clsewhere that exag-
gerated startle in Vietnam veterans with PTSD is
a reflection of their increased sensitivity to an
unfamiliar and/or threatening environment and
may involve deficits at the level of the hippocam-
pus (Caine et al., 1992; Morgan et al, 1995a)
because this structure has been shown to be in-

volved in contextual fear in animals (Kim and
Fanselow, 1992; Phillips and Ledoux, 1992). How-
ever, recent findings indicate that the bed nucleus
of the stria terminalis is involved in fear-potenti-
ated startle to contextual fear-eliciting stimuli
(Davis et al., 1995), suggesting that this structure
might also be associated with exaggerated startle
in Vietnam veterans with PTSD.

The negative correlation found between emo-
tional numbness and the magnitude of startle
further suggests that startle is sensitive to individ-
ual differences in symptomatology. This hypothe-
sis is consistent with Ornitz and Pynoos’ (1989)
proposal that reduced magnitude of startle in
children with PTSD might be related to a cogni-
tive and behavioral shutting down. Reduced re-
sponsivity to nonstartling stimuli in PTSD has
also been reported in evoked-potential studies
(Paige et al., 1990; McFarlane et al., 1993). Paige
et al. (1990) noted reduced evoked potentials to
intense stimuli in PTSD subjects and suggested
that these individuals entered a state of protec-
tive inhibition to reduce the impact of intense
stimulation. It could be argued that in some indi-
viduals with PTSD there is a general shutting
down of sensory processes. This raises the possi-
bility that behavioral withdrawal leads to reduced
sensory processing through attentional deficits.

Butler et al. (1990) found exaggerated startle in
Vietnam veterans with PTSD, but they discarded
35% of the patients from the analysis because
they were nonresponders. In their study, eyeblink
nonresponders were individuals with an eyeblink
response of < 120 uV in their 116-dB(A) condi-
tion. An eyeblink of 120 uV is a response of
substantial amplitude. Fig. 1 in the study of But-
ler et al. shows that the 100-dB startle sound
elicited an eyeblink response of 75 uV in the
responder control groups. This suggests that the
criterion used to include subjects in the study was
too restrictive. There is no agreement about what
constitutes a startle nonresponder at the present
time. Two patients with PTSD were designated as
nonresponders in the present study on the basis
of a criterion that was less restrictive than the
one used by Butler et al. It should be noted that
in the present study and in the study of Butler et
al. the number of nonresponders did not differ
between the control and patient groups, suggest-
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ing that nonresponding is not a specific character-
istic of a subgroup of patients with PTSD. The
exclusion of subjects with substantial startle re-
sponses in the study of Butler et al. might have
contributed to their findings of exaggerated star-
tle in PTSD.

Although there are some methodological dif-
ferences between studies of startle in PTSD, they
do not seem to be sources of discrepancies in the
results. The site (left or right) of the recording of
the eyeblink does not seem to have influenced the
results since exaggerated startle has been shown
with recordings from both the right (Butler et al,,
1990) and the left (Orr et al., 1995) eye. To the
best of our knowledge, no published studies have
assessed the startle /eyeblink from both eyes in
patients with PTSD, but we have recently found a
significant asymmetry in the magnitude of the
eyeblink (left > right) in women with PTSD of
recent onset (Morgan et al., submitted).

Unlike most other startle studies in PTSD, the
PTSD veterans in the present study were not
taking psychoactive medication. The impact of
medication on startle is difficult to evaluate. But-
ler et al. (1990) did not report the medication
status of their subjects and Shalev et al. (1992)
performed no separate analyses of subjects based
on medication status. Orr et al. (1995) found
exaggerated startle responses in both medicated
and unmedicated PTSD subjects.

PPI was impaired in patients with PTSD com-
pared with civilian controls but not combat con-
trols. This effect was not secondary to differences
in baseline startle because the magnitude of star-
tle responses did not differ significantly between
groups. The lack of a PPI difference between the
two veteran groups could be due to the fact that
the present study did not have enough statistical
power to detect an effect of moderate size. Alter-
natively, it is possible that exposure to trauma,
rather than PTSD itself, affects PPI. This would
be consistent with findings of reduced PPI in
PTSD patients versus subjects who have not been
exposed to trauma (Ornitz and Pynoos, 1989), but
normal PPI compared to subjects who have been
exposed to trauma (Butler et al,, 1990). It is also
possible that the discrepancies between studies
concerning PPI deficits reflect methodological

differences or differences in symptomatology or
severity of illness. Based on the correlation analy-
sis in the present study (i.e., negative correlation
between PPI and total score on the Mississippi
Scale), the most severely ill individuals had the
least PPIL. Given that the subjects of Butler et al.
(1990) were recruited through advertisements, it
is possible that these individuals were less ill than
the veterans in the present study who were ac-
tively seeking treatment. Medication status could
also have affected the PPI data in the study of
Butler et al. For example, treatment with do-
pamine agonists could be expected to increase or
normalize PPI (Swerdlow et al., 1992).

The functional significance of the reduced PPI
in the veterans with PTSD is unclear. PPI
has been hypothesized to reflect a gating mecha-
nism — that is, an index of a centrally mediated
inhibitory mechanism regulating sensory as well
as motor and cognitive operations (Braff and
Geyer, 1990). PPI deficits in schizophrenic
patients (Braff et al, 1978, 1992; Grillon et al,
1992), obsessive-compulsive patients (Swerdlow et
al,, 1993), and individuals at-risk for schizophre-
nia (Simons and Giardina, 1992) have been inter-
preted according to this view. Thus, some of the
symptoms of PTSD such as the intrusion of un-
wanted thoughts (e.g., flashback) could be hy-
pothesized to result from a gating deficit. This
would be consistent with the correlational analy-
sis that showed reduced PPI correlating with in-
crease in the score of intrusive memories. Alter-
natively, reduced PPI in the PTSD group could
reflect an attentional deficit. PPI is increased in
concert with increased attention to the prepulse
(Hackley and Graham, 1987; Filion et al., 1993).
Reduced PPI in the PTSD veterans would suggest
less processing of the prepulse, perhaps because
of distraction by internal stimuli (e.g., thoughts).
Further studies should control for attention. For
example, it could be investigated whether asking
veterans with PTSD to pay attention to the pre-
pulse would normalize PPI.

As indicated above, reduced PPI has been asso-
ciated with several psychiatric disorders, raising
the possibility that PPI impairment in the present
study was not due to PTSD or combat exposure,
but to a comorbid condition or to underlying
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psychopathologic characteristics. Patients with a
comorbid diagnosis that is known to be associated
with PPI deficits (e.g., obsessive-compulsive dis-
order [Swerdlow et al., 1993]) were excluded from
the study. A number of patients, however, had a
history of alcohol dependence. The effects of
ethanol on PPI are unclear, but it possibly could
reduce PPI because PPI is affected by attention
to the prepulse (Filion et al., 1993) and ethanol
has a dampening effect on attention. It is unlikely
that the comorbid diagnosis of alcohol depen-
dence accounted for the present findings because
the subjects had been alcohol-free for a period of
at least 3 months, as verified by weekly breathal-
izer and urine screens. In addition, results of
subjects who had a comorbid diagnosis of alcohol
dependence did not significantly differ from those
of subjects without such a diagnosis. Further-
more, a PPI deficit was found in children with
PTSD (Ornitz and Pynoos, 1989) for whom al-
cohol dependence was not an issue.

Several cautions should be pointed out regard-
ing the present findings. First, the PTSD patients
had greater CES scores than did the combat
controls. Although the CES score was not corre-
lated with PPI, this difference in exposure to
combat remains a potentially confounding factor.
Second, it is possible that subjects exposed to
gunfire experienced subtle hearing loss of a few
decibels that could have affected the efficiency of
the prepulse in reducing startle. This effect could
account for the lack of statistical difference in
PPI between the two veteran groups since both
groups were exposed to gunfire. Subtle hearing
loss would not have been detected by our proce-
dure, which did not determine individual hearing
thresholds but examined whether subjects were
able to hear predetermined normal levels of pure
tones. Future PPI studies in PTSD should care-
fully assess the hearing levels of their subjects.

In summary, the present study found that the
acoustic startle reflex was in the normal range in
Vietnam veterans with PTSD, suggesting that our
previous findings of elevated startle in veterans
with PTSD (Morgan et al., 1995a) may have been
due to the stress induced by their participation in
an experiment in which electric shocks were
administered. PPI was reduced in the patients.

Because it is unclear whether PPI differed in the
combat controls and in veterans with PTSD, how-
ever, it is possible that exposure to trauma rather
than PTSD itself is associated with PPI deficits.
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